Introduction {#Sec1}
============

The non-Abelian nature of the standard model (SM) electroweak theory predicts the self-interactions of the weak gauge bosons. These triple and quartic gauge-boson couplings provide a unique means to test for new fundamental interactions. The fusion of electroweak (EW) bosons is a particularly important process for measuring particle properties, such as the couplings of the Higgs boson, and for searching for new particles beyond the Standard Model \[[@CR1]--[@CR11]\]. In proton--proton (*pp*) collisions, a characteristic signature of these processes is the production of two high-momentum jets of hadrons at small angles with respect to the incoming proton beams \[[@CR12]\]. Measurements of this vector-boson-fusion (VBF) topology have been performed in *W* \[[@CR13]\], *Z* \[[@CR14], [@CR15]\] and Higgs \[[@CR16]\] boson production, though the observation of purely electroweak processes in this topology has only been achieved in individual measurements of *Z*-boson production. This paper presents a precise measurement of electroweak *W*-boson production in the VBF topology, with a significance well above the standard for claiming observation, as well as differential cross section measurements and constraints on anomalous triple-gauge-boson couplings (aTGCs).
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                \begin{document}$$Wjj$$\end{document}$). These processes have been extensively studied by experiments at the Large Hadron Collider (LHC) \[[@CR17], [@CR18]\] and the Tevatron collider \[[@CR19], [@CR20]\], motivating the development of precise perturbative predictions \[[@CR21]--[@CR33]\]. The large cross section for *W*-boson production provides greater sensitivity to the VBF topology and to the electroweak production of $\documentclass[12pt]{minimal}
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The VBF process is inseparable from other electroweak $\documentclass[12pt]{minimal}
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                \begin{document}$$Wjj$$\end{document}$  processes, so it is not measured directly; sensitivity to the VBF production mechanism is quantified by determining constraints on operator coefficients in an effective Lagrangian approach \[[@CR34]\]. The classes of electroweak diagrams constituting the signal are shown in Figure [1](#Fig1){ref-type="fig"} \[[@CR35]\] and contain at least three vertices where an electroweak gauge boson connects to a pair of fermions. Diboson production, where the final-state quarks result from the decay of an *s*-channel gauge boson, is not shown and is considered as a background; it is small for the VBF topology defined in the analysis. The large background from a *W* boson associated with strongly produced jets is shown in Fig. [2](#Fig2){ref-type="fig"} and has only two electroweak vertices. This background has $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathcal{{O}}$$\end{document}$(10) times the yield of the signal process, and can interfere with the signal. This interference is suppressed because only a small subset of the background diagrams have the same initial and final state as the signal.Fig. 1Representative leading-order diagrams for electroweak *Wjj* production at the LHC. In addition to **a** the vector boson fusion process, there are four **b** *W* bremsstrahlung diagrams, corresponding to $\documentclass[12pt]{minimal}
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                \begin{document}$$W^\pm $$\end{document}$ boson radiation by either incoming quark Fig. 2Examples of leading-order diagrams for strong *Wjj* production at the LHC. The *left-hand* diagram interferes with the electroweak diagrams of Fig. [1](#Fig1){ref-type="fig"} when the final-state quarks have the same colours as the initial-state quarks

The analysis signature consists of a neutrino and either an electron or a muon, two jets with a high dijet invariant mass, and no additional jets at a wide angle from the beam. This signature discriminates signal events from the copious background events consisting of strongly produced jets associated with a *W* (or *Z*) boson, top-quark production, or multijet production. The purity of electroweak $\documentclass[12pt]{minimal}
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                \begin{document}$$Wjj$$\end{document}$  production increases with increasing dijet invariant mass, increasing the sensitivity to anomalous triple-gauge-boson couplings.

Measurements of the inclusive and fiducial cross sections of electroweak $\documentclass[12pt]{minimal}
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In order to explore the kinematics of the $\documentclass[12pt]{minimal}
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                \begin{document}$$Wjj$$\end{document}$  production is measured in the other regions. These measurements are then integrated to obtain fiducial cross sections in the different phase-space regions, albeit with larger uncertainties than the measurement with the constrained background.

Sensitivity to the VBF diagram is determined by modifying the triple-gauge-boson couplings. Anomalous couplings arising from new processes at a high energy scale would cause increasing deviations from the SM prediction for increasing momentum transfer between the incoming partons. Hence, a region of high momentum transfer is defined, and constraints on anomalous gauge couplings are set in the context of an effective field theory (EFT), including limits on interactions that violate charge-parity (CP) conservation.

The paper is organized as follows. The ATLAS detector and reconstruction of the final-state particles are described in Sect. [2](#Sec2){ref-type="sec"}. The definitions of the measurement phase-space regions and the event selection are given in Sect. [3](#Sec9){ref-type="sec"}. The modelling of signal and background processes is discussed in Sect. [4](#Sec12){ref-type="sec"}. Section [5](#Sec18){ref-type="sec"} is dedicated to the precise extraction of the inclusive and fiducial cross sections, while Sect. [6](#Sec22){ref-type="sec"} presents differential cross sections unfolded for detector effects. Section [7](#Sec29){ref-type="sec"} describes limits on aTGCs and parameters of an effective field theory. Section [8](#Sec33){ref-type="sec"} summarizes the results and the Appendix provides a comprehensive set of differential cross-section measurements.

ATLAS detector and data reconstruction {#Sec2}
======================================

The data set corresponds to LHC *pp* collisions at $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {TeV}$$\end{document}$ in 2012, with final-state particles measured by the ATLAS detector. This section describes the detector and the reconstruction of the data to produce the final-state physics objects used in the measurements.

ATLAS detector {#Sec3}
--------------

ATLAS is a multi-purpose detector used to measure LHC particle collisions. A detailed description of the detector can be found in Ref. \[[@CR37]\]. A tracking system comprises the inner detector (ID) surrounding the collision point, with silicon pixel and microstrip detectors most centrally located, followed by a transition radiation tracker at higher radii \[[@CR38], [@CR39]\]. These tracking detectors are used to measure the trajectories and momenta of charged particles up to pseudorapidities of $\documentclass[12pt]{minimal}
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A calorimeter system surrounds the solenoid magnet and consists of electromagnetic and hadronic sections. The electromagnetic section is segmented along the *z*-axis into a barrel region covering $\documentclass[12pt]{minimal}
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A muon spectrometer surrounds the calorimeter system and contains superconducting coils, drift tubes and cathode strip chambers to provide precise measurements of muon momenta within $\documentclass[12pt]{minimal}
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The ATLAS trigger system uses three consecutive stages to select events for permanent storage. The first level uses custom electronics and the second level uses fast software algorithms to inspect regions of interest flagged by the first trigger level. At the third level, the full event is reconstructed using software algorithms similar to those used offline.

Object reconstruction {#Sec4}
---------------------

Electrons, muons, and hadronic jets are reconstructed in the ATLAS detector. Each type of object has a distinctive signature and is identified using the criteria described below. The object identification includes track and vertex positions relative to the primary event vertex, defined as the reconstructed vertex with the highest summed $\documentclass[12pt]{minimal}
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Electrons {#Sec5}
=========

Electron candidates are reconstructed from energy clusters in the electromagnetic section of the calorimeter which are matched to tracks reconstructed in the ID. Candidates for signal events are required to satisfy 'tight' selection criteria \[[@CR41], [@CR42]\], which include requirements on calorimeter shower shape, track hit multiplicity, the ratio of reconstructed energy to track momentum, *E* / *p*, and the matching of the energy clusters to the track. In order to build templates to model the multijet background (see Sect. [4.2](#Sec16){ref-type="sec"}), a set of criteria is employed based on 'loose' or 'medium' selection, which drops the *E* / *p* requirement and uses less restrictive selection criteria for the other discriminating variables.

Electron candidates are required to be isolated to reject possible misidentified jets or heavy-flavour hadron decays. Isolation is calculated as the ratio of energy in an isolation cone around the primary track or calorimeter deposit to the energy of the candidate. Different isolation requirements are made in the 7 and 8 $\documentclass[12pt]{minimal}
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Muons {#Sec6}
=====

Muon candidates are identified as reconstructed tracks in the muon spectrometer which are matched to and combined with ID tracks to form a 'combined' muon candidate \[[@CR43]\]. Quality requirements on the ID track include a minimum number of hits in each subdetector to ensure good track reconstruction. Candidates in 7 $\documentclass[12pt]{minimal}
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Jets {#Sec7}
====

Jets are reconstructed using the anti-$\documentclass[12pt]{minimal}
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Jets that are consistent with originating from heavy-flavour quarks are identified using a neural network algorithm trained on input variables related to the impact parameter significance of tracks in the jet and the secondary vertices reconstructed from these tracks \[[@CR49]\]. Jets are identified as *b*-jets with a selection on the output of the neural network corresponding to an identification efficiency of 80%.

Missing transverse momentum {#Sec8}
===========================

In events with a leptonically decaying *W* boson, one expects large missing momentum in the transverse plane due to the escaping neutrino. The magnitude of this missing transverse momentum ($\documentclass[12pt]{minimal}
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Event preselection {#Sec10}
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Definitions of the measurement regions {#Sec11}
--------------------------------------

The above preselection defines an *inclusive* fiducial region, which is then split into four orthogonal fiducial regions defined by the presence or absence of the lepton or an additional jet in a "central" rapidity range between the two highest-$\documentclass[12pt]{minimal}
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The fiducial regions are illustrated in Fig. [4](#Fig4){ref-type="fig"}. The signal process is characterized by a *W* boson in the rapidity range spanned by the two jets (Fig. [1](#Fig1){ref-type="fig"}), with no jets in this range due to the absence of colour flow between the interacting partons. An event is therefore defined as being in the electroweak-enhanced *signal* region if the identified lepton is reconstructed in the rapidity region defined by Eq. ([2](#Equ2){ref-type=""}) and no additional jets are reconstructed in this interval. A QCD-enhanced *forward-lepton control* fiducial region is defined by the requirement that neither the identified lepton nor any additional jets be present in the central rapidity interval. A second QCD-enhanced *central-jet validation* region is defined by events having both the identified lepton and at least one additional jet reconstructed in the central rapidity interval. These three orthogonal fiducial regions are used in Sect. [5](#Sec18){ref-type="sec"} to extract the EW$\documentclass[12pt]{minimal}
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For the determination of unfolded differential cross sections presented in Sect. [6](#Sec22){ref-type="sec"}, four additional fiducial regions are studied: the inclusive region for the progressively more restrictive dijet invariant mass thresholds of 1.0, 1.5, and 2.0 $\documentclass[12pt]{minimal}
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Modelling of signal and background processes {#Sec12}
============================================

Simulated Monte Carlo (MC) samples are used to model $\documentclass[12pt]{minimal}
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Monte Carlo simulation {#Sec13}
----------------------

The measurements described in this paper focus on the electroweak production of $\documentclass[12pt]{minimal}
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Other processes {#Sec15}
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Multijet background {#Sec16}
-------------------

Multijet production constitutes a background to the $\documentclass[12pt]{minimal}
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Modifications to the lepton identification criteria which enhance the multijet contribution are based on isolation and either the impact parameter with respect to the primary vertex (for muons) or the shower and track properties (for electrons). For the 7 TeV analysis, the impact parameter significance requirement is inverted in the muon channel ($\documentclass[12pt]{minimal}
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To normalize the multijet-dominated samples to the expected contribution with nominal lepton criteria, a fit to the $\documentclass[12pt]{minimal}
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Systematic uncertainties in the multijet normalization arise from uncertainties in the kinematic modelling and in jet, lepton, and $\documentclass[12pt]{minimal}
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Distributions and yields {#Sec17}
------------------------

The distributions of lepton centrality and the minimum centrality of additional jets, which are used to separate signal, control, and validation regions, are shown in Fig. [5](#Fig5){ref-type="fig"} for the 7 and 8 TeV data and the corresponding SM predictions after the preselection. The comparisons of the SM predictions to data show general agreement within the estimated uncertainties. The predictions include correction factors for lepton identification and triggering, and the bands correspond to the combination of statistical and experimental uncertainties. The signal-region dijet mass distributions, used to fit for the signal yield in the fiducial and total cross-section measurements, are shown in Fig. [6](#Fig6){ref-type="fig"} for both data sets. The figure also shows the dijet rapidity difference, which is correlated with dijet mass and demonstrates an enhancement in signal at high values. Table [3](#Tab3){ref-type="table"} details the data and SM predictions for the individual processes in the signal region, and Table [4](#Tab4){ref-type="table"} shows the total predictions and the observed data in each of the fiducial regions defined in Sect. [3](#Sec9){ref-type="sec"}.Fig. 5Predicted and observed distributions of the lepton centrality (*top*) and the minimum centrality of additional jets (*bottom*) for events in the inclusive fiducial region (i.e. after preselection) in 7 $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {TeV}$$\end{document}$ (*right*) data. The *arrows* in the lepton-centrality distributions separate the signal-region selection (to the *left*) from the control-region selection (to the *right*). The *arrows* in the jet-centrality distributions separate the signal-region selection (to the *right*) from the validation-region selection (to the *left*). The *bottom panel* in each distribution shows the ratio of data to the prediction. The *shaded band* represents the statistical and experimental uncertainties summed in quadrature Fig. 6Predicted and observed distributions of the dijet invariant mass (*top*) and $\documentclass[12pt]{minimal}
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                \begin{document}$$\text {TeV}$$\end{document}$ (*right*) data. The bottom panel in each distribution shows the ratio of data to the prediction. The shaded band represents the statistical and experimental uncertainties summed in quadrature Table 3Observed data and predicted SM event yields in the signal region. The MC predictions are normalized to the theoretical cross sections in Table [2](#Tab2){ref-type="table"}. The relative uncertainty of the total SM prediction is $\documentclass[12pt]{minimal}
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Table 4Observed data and total predicted SM event yields in each measurement region. The MC predictions are normalized to the theoretical cross sections times branching ratios in Table [2](#Tab2){ref-type="table"}. The relative uncertainty of the total SM prediction is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal{{O}}$$\end{document}$(10%)Region name7 TeV8 TeVSM prediction  Data  SM prediction  Data  Fiducial and differential measurements   Signal region570060633250033719   Forward-lepton control region500052732940030986   Central-jet validation region217021871240012677Differential measurement only   Inclusive region, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_{jj} >500$$\end{document}$ GeV----106000107040   Inclusive region, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_{jj} >1$$\end{document}$ TeV----1740016849   Inclusive region, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_{jj} >1.5$$\end{document}$ TeV----39003611   Inclusive region, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_{jj} >2$$\end{document}$ TeV----1040890   Forward-lepton/central-jet region----1200012267   High-mass signal region----61006052Anomalous coupling measurements only   High-$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$q^2$$\end{document}$ region----3930
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The measurement of the fiducial EW $\documentclass[12pt]{minimal}
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The dijet mass provides the discriminating fit distribution. The region at relatively low invariant mass ($\documentclass[12pt]{minimal}
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The uncertainty in the shape of the QCD $\documentclass[12pt]{minimal}
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                \begin{document}$$M_{jj}$$\end{document}$ shape. This control region is defined in Table [1](#Tab1){ref-type="table"} and uses the same selection as the signal region, except for the inversion of the central-lepton requirement. This section describes the application of the control-region constraint, the uncertainties in the measurement, and the results of the fit.

Control-region constraint {#Sec19}
-------------------------

The SM prediction of the dijet mass distribution receives significant uncertainties from the experimental jet energy scale and resolution. These uncertainties are constrained with a correction to the predicted distribution derived using data in a control region where the signal contribution is suppressed. This forward-lepton control region is selected using the lepton centrality distribution. Residual uncertainties arise primarily from differences in the dijet mass spectrum between the control region and the signal region.
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The fiducial signal region is defined by the selection in Table [1](#Tab1){ref-type="table"} using particle-level quantities after parton showering. The measured and predicted cross sections times branching ratios in this region are shown in Table [6](#Tab6){ref-type="table"}. The acceptance is calculated using [Powheg]{.smallcaps} + [Pythia8]{.smallcaps} with a dominant uncertainty due to the parton-shower modelling which is estimated by taking the difference between [Powheg]{.smallcaps} + [Pythia8]{.smallcaps} and [Powheg]{.smallcaps} + [Herwig++]{.smallcaps}. The uncertainty in the predicted fiducial cross section at $\documentclass[12pt]{minimal}
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Fig. 10Measurements of the cross section times branching fractions of electroweak production of a single *W*, *Z*, or Higgs boson at high dijet invariant mass, divided by the SM predictions ([Powheg]{.smallcaps} +[Pythia8]{.smallcaps} for ATLAS, [Madgraph]{.smallcaps} +[Pythia8]{.smallcaps} for CMS, and [Powheg]{.smallcaps} +[Pythia8]{.smallcaps} for the LHC combination). The *lighter shaded band* (where shown) represents the statistical uncertainty of the measurement, the *outer darker band* represents the total measurement uncertainty. Theoretical uncertainties in the SM prediction are represented by the *shaded region* centred at unity

Differential cross sections {#Sec22}
===========================

Differential cross section measurements provide valuable information on the observed kinematic properties of a process, testing the theoretical predictions and providing model-independent results to probe for new physics. This section presents differential measurements in the $\documentclass[12pt]{minimal}
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All differential production cross sections are measured both as absolute cross sections and as distributions normalized by the cross section of the measured fiducial region ($\documentclass[12pt]{minimal}
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Unfolded differential cross-section measurements are performed for both QCD+EW $\documentclass[12pt]{minimal}
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Unfolding and uncertainties {#Sec23}
---------------------------

The MC simulations are used to correct the cross sections for detector and event selection inefficiencies, and for the effect of detector resolutions. An implementation \[[@CR78]\] of a Bayesian iterative unfolding technique \[[@CR79]\] is used to perform these corrections. The unfolding is based on a response matrix from the simulated events which encodes bin-to-bin migrations between a particle-level differential distribution and the equivalent reconstruction-level distribution. The matrix gives transition probabilities from particle level to reconstruction level, and Bayes' theorem is employed to calculate the inverse probabilities. These probabilities are used in conjunction with a prior particle-level signal distribution, which is taken from the [Powheg]{.smallcaps} + [Pythia8]{.smallcaps} simulations, to unfold the background-subtracted reconstruction-level data distributions. After this first unfolding iteration the unfolded data distribution is used as the new prior and the process repeated for another iteration. The unfolding procedure is validated by unfolding the [Sherpa]{.smallcaps} simulation using the [Powheg]{.smallcaps} + [Pythia8]{.smallcaps} response matrix. For all distributions the unfolded and initial particle-level [Sherpa]{.smallcaps} predictions agree within the unfolding uncertainty assigned. Bin boundaries in unfolded distributions are chosen to ensure that $\documentclass[12pt]{minimal}
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The sources of uncertainty discussed in Sect. [5](#Sec18){ref-type="sec"} are assessed for the unfolded differential production cross sections. Figures are shown with statistical uncertainties as inner bars and total uncertainties as the outer bars. Statistical uncertainties are estimated using pseudoexperiments, with correlations between bins determined using a bootstrap method \[[@CR80]\]. The $\documentclass[12pt]{minimal}
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Figures [11](#Fig11){ref-type="fig"} and [12](#Fig12){ref-type="fig"} summarize the uncertainty contributions to example unfolded data distributions for QCD+EW $\documentclass[12pt]{minimal}
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Fiducial regions and integrated cross sections {#Sec24}
----------------------------------------------
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### Dijet observables {#Sec26}

The best discrimination between QCD and EW $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Wjj$$\end{document}$ production is provided by the dijet mass distribution, as demonstrated in the top plots of Fig. [16](#Fig16){ref-type="fig"}. The distribution of dijet rapidity separation is correlated with this distribution but is purely topological. The discrimination provided by $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta y(j_1,j_2) $$\end{document}$ is shown in the bottom plots of the figure for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_{jj} >0.5$$\end{document}$ and 1 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text {TeV}$$\end{document}$.Fig. 16*Top* Unfolded absolute (*left*) and normalized (*right*) differential $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Wjj$$\end{document}$ production cross sections as a function of dijet mass for the signal fiducial region. *Bottom* Unfolded normalized production cross sections as a function of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta y(j_1,j_2) $$\end{document}$ for the signal regions with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_{jj} > 0.5$$\end{document}$ $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text {TeV}$$\end{document}$ (*left*) and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_{jj} > 1.0$$\end{document}$ $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text {TeV}$$\end{document}$ (*right*). Both statistical (*inner bar*) and total (*outer bar*) measurement uncertainties are shown, as well as ratios of the theoretical predictions to the data (the *bottom panel* in each distribution)

The QCD $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Wjj$$\end{document}$ modelling of the dijet distributions is important for extracting the cross section for EW $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Wjj$$\end{document}$ production. The modelling of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_{jj}$$\end{document}$ distribution in regions dominated by QCD $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Wjj$$\end{document}$ production is shown in Fig. [17](#Fig17){ref-type="fig"}. Predictions from [hej]{.smallcaps}, which are expected to provide a good description at high dijet invariant mass where large logarithms contribute, are similar to the NLO predictions from [Powheg]{.smallcaps} + [Pythia8]{.smallcaps}. [Sherpa]{.smallcaps} predicts more events at high dijet invariant mass than observed in data in these fiducial regions, whereas [Powheg]{.smallcaps} + [Pythia8]{.smallcaps} and [hej]{.smallcaps} are in better agreement with data. The dijet rapidity separation (Fig. [18](#Fig18){ref-type="fig"}) shows similar behavior, with [Sherpa]{.smallcaps} overestimating the rate at large separation. The [hej]{.smallcaps} distributions have larger deviations from the data due to the reduced accuracy of resummation at small $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta y(j_1,j_2) $$\end{document}$.Fig. 17Unfolded normalized differential $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Wjj$$\end{document}$ production cross sections as a function of dijet invariant mass in the inclusive, forward-lepton/central-jet, forward-lepton, and central-jet fiducial regions. Both statistical (*inner bar*) and total (*outer bar*) measurement uncertainties are shown, as well as ratios of the theoretical predictions to the data (the *bottom panel* in each distribution) Fig. 18Unfolded normalized differential $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Wjj$$\end{document}$ production cross sections as a function of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta y(j_1,j_2) $$\end{document}$ in the inclusive, forward-lepton/central-jet, forward-lepton, and central-jet fiducial regions. Both statistical (*inner bar*) and total (*outer bar*) measurement uncertainties are shown, as well as ratios of the theoretical predictions to the data (the *bottom panel* in each distribution)
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### Object topology relative to the rapidity gap {#Sec27}

The event topology distinguishes electroweak VBF production from other processes, in particular the lack of hadronic activity in the rapidity gap between the leading two jets and the tendency for the boson to be emitted within this gap. These topological features are studied using the distributions of the jet multiplicity in the gap, the fraction of events with no jets with the gap, and the rapidity of the lepton and jets relative to the gap.
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Observables sensitive to anomalous gauge couplings {#Sec28}
--------------------------------------------------

Differential measurements are performed in distributions that provide enhanced sensitivity to anomalous gauge couplings:$\documentclass[12pt]{minimal}
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The transverse momentum of the dijet system is also correlated with the momentum transfer in *t*-channel events. Figure [26](#Fig26){ref-type="fig"} shows the measured normalized $\documentclass[12pt]{minimal}
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The azimuthal angle between the two leading jets can be used to probe for new CP-odd operators in VBF production. The normalized differential cross sections for QCD+EW $\documentclass[12pt]{minimal}
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Anomalous triple-gauge-boson couplings {#Sec29}
======================================

The triple-gauge-boson vertex is directly probed by the vector-boson-fusion process. Non-SM couplings at this vertex would affect the production rates and distributions. The couplings are constrained in the context of an aTGC or EFT framework, using the yield in the anomalous coupling signal region (Table [1](#Tab1){ref-type="table"}) to constrain the parameters. The results are complementary \[[@CR83]\] to those obtained in diboson production \[[@CR84]\], which corresponds to the exchange of one off-shell boson in the *s*-channel rather than two in the *t*-channel.

Theoretical overview {#Sec30}
--------------------

The signal-region measurements are sensitive to the *WWV* (*V* = *Z* or $\documentclass[12pt]{minimal}
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Experimental method {#Sec31}
-------------------
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Theoretical uncertainties due to missing higher orders, estimated with factors of 2 and 1/2 variations of the renormalization and factorization scales, are estimated to be 8% of the strong $\documentclass[12pt]{minimal}
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Confidence-level intervals for aTGC parameters {#Sec32}
----------------------------------------------

Confidence-level (C.L.) intervals are calculated using a frequentist approach \[[@CR86]\]. A negative log-likelihood function is constructed based on the expected numbers of background and signal events, and the number of observed data events. The likelihood is calculated as a function of individual aTGC parameter variations, with the other parameters set to their SM values. To obtain 95% confidence-level intervals, pseudoexperiments are produced with the number of pseudodata events drawn from a Poisson distribution, where the mean is given by the total SM prediction Gaussian-fluctuated according to theoretical and experimental uncertainties.Table 9Expected and observed 95% C.L. allowed ranges for all aTGC parameters considered with the other parameters set to their SM values. A form factor with unitarization scale equal to 4 TeV enforces unitarity for all aTGC parameters. The results are derived from the high-$\documentclass[12pt]{minimal}
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Tables [9](#Tab9){ref-type="table"} and [10](#Tab10){ref-type="table"} give the expected and observed 95% C.L. interval for each parameter probed, with the other parameters set to their SM values. All observed intervals are narrower than the expected intervals due to a slight deficit of data events compared with the SM prediction (Table [4](#Tab4){ref-type="table"}). The $\documentclass[12pt]{minimal}
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Summary {#Sec33}
=======

Measurements of the fiducial and differential cross sections of electroweak production of *W* bosons in association with two jets have been performed using the lepton decay channel and events with high dijet invariant mass. The measurements use data collected by the ATLAS detector from proton--proton collisions at the LHC at centre-of-mass energies of $\documentclass[12pt]{minimal}
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A Appendix {#Sec34}
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This section includes normalized and absolute differential QCD+EW and EW $\documentclass[12pt]{minimal}
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